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SUMMARY 


ment a “c is 

mgt^voltage and radiationKtamage limitations in the operation ot new-technology solar arrays. 


INTRODUCTION 

experiment was called Photovoltaic Array Space Power Plus Diagnostics, or PAS 

TU ... . . , ac nf , h(a p A cp Plus exDeriment were limited to the investigation of the effects of 

UoS»;ru*"ou^r aJays^o pfcnar and two concentrator des*ns), and various diagnostic 
sensors (Ref 1,2). 

by Orbital Sciences Corp., OS ). and tw0 sma n -radiation effects on electronics" 

Electronics Experiments) mission, set up to fly approved by Hq USAF on 3 October 

experiments, CRUX and FERRO. The Space ig apfx an elliptical [350 km by 1850 km] near-polar 

SSSSrsHSS- 

dosage on tongdenn sotor array availability o, a ride tor PASP Pius 

Ke known ,f,^.ovo»aic anay development community, additional new-technology arrays were 
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WL ,hen dec,ded ,o inc,ease ,he numbw °' « erem ««• <° 

various discussions at this meeting, the objectives of the new PASP Plus experiment were defined 


PASP PLUS OPERATION AND INSTRUMENTATION 
The objectives of the reconfigured PASP Plus experiment are- 

ii=SSr==«~ 

designs) 5 Pr ° V ' de 3 mea " S "" W qualilyins " various new technologies (new materials and/or 

Lewis r p r ,h , e nasa 

is emitted under electron bombardment^ *? to ,he bre f d ° w " 0f 9 as that 

mimSMS 

SS =g^SSSSSH 
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The electrical periormance of each of the 16 CCurse o.Sionlfe'Le. 

S <1 the rapid application of dynamically varying resistance 

' H ^ and Consequently, the l-V curve) is Nghly dependent on array temperature, 
Sm^ltelf voltage levels'SCurrin, at fhe tr^stana, — 1 

- - «— «* — * 

2|pS55S‘ 

high-vonage^as^ofthe arrays.^ ^ eV |0 30 keV electrons spe c,ra and defect the 

'““‘sag 6 ;” ^““ 0 ^ 00 CSSnSSerto measure the short-term and long-term panicle radiation 


4.3 MIL AL FOIL 
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Figure 1 Domes of PASP Plus dosimeter: modified design to measure 5 - 10 MeV protons [left] and 
customary design for higher energy particles [right]. 
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cSs™ta S ed R on , p' 8 d l^9yoeffici. m for spaca proton irradiation of covarglass-shielded N/P silicon 

max v oc / * 




PASP PLUS SOLAR ARRAY COMPLEMENT 

rSHSSr 

r-^n o . Tw0 i o llC0 ? (Si) SOlar CeN desi 9 ns wil1 be studied. The first Si array is comprised of 2 cm x 4 rm a-mii 
ventional Si solar cells laid down with conventional interconnects and coveralass These are reDre<?pntstivo 
of practically all DoD and NASA solar array designs flying todav fsee Fioure ?I° tS f i c , |? 3 / r ! P ® sen,atlve 

2r al ! iSOl h ated h S0,ar - Cel 1 W oiZltl K fstJgs) S 

ased to provide a benchmark for the second and third modules that will be. The area of the third 9 Si module 
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will be three times that ot the seeohd to help establish a relationship between high-voltage induced solar-cell 
leakage current and cell area. 

• e\« n rm v a rm 8-mil wrsD-throuQh contact solar cells (see 

Fiou ,er™*S 

performance. 




TABLE 1 . PASP PLUS SOLAR ARRAYS 

biased 

ARRAY 

CELL TYPE 

description 

SIZE (in x in) 

SEGMENTS 

1 

Si 

2cmx2an, BSF 

10 x 20 

2 of 3 

o 

Si 

8anx8cm, WTC 

8 x 9.5 

1 of 1 


Space Stati *1 



3 

GaAs/Ge 

4cmx4aa, 3. 5-mil 

10 x 20 

2 of 3 

4 

GaAs/Ge 

4cmx4cm, 7-mil 

5 x 10 

1 of 1 

5 

GaAs/Ge 

4amx4cm, 7-mil, WTC 

5 x 10 

1 of 1 

6 

GaAs/Ge 

4cmx4cm, 3.5-mil, w/ICG 

4 x 4.5 

1 of 1 

7 

InP 

2cmx2cm 

4 x 5.5 

0 of 1 

8 

AlGaAs/GaAs 

2anx2cm, monolithic MBG 

3x6 

0 of 1 

9 

GaAs/CuInSe 2 

2 cmx2 cm, mech- aligned MBG 

6x6 

0 of 2 

10 

GaAs 

SIATS Concentrator 

11 x 13.5 

1 of 1 

11 

GaAs/GaSb 

Mini-Dome Fresnel Lens 
Concentrator, MBG 

4.5 x 7.5 

1 of 1 

bsf = 

Bade Surface Field 




WTC = 

Wrap-Through Contact 



MBG - 

Multiband Gap 

— 


MWI : 



Figure 3. Silicon array (#1 above) to be partitioned 
into three separate modules. 


Figure 4. Si array with wrap-through contact 
solar cells baselined for flight on NASA s Space 
Station Freedom. 
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BLACK AND WHITE PHOTOGRAPH 


original page IS 

OF POO?? QUALITY 



electrfca^a^OMn^aniMfc^^u^io^^^^iA^J&olar rft« i,iZe 6aAs ° n Ge Sola,cells ' M a “ <"« '" 

solartce^ aAS ° f,erS * 5e,,er en e^ U <»nverston e ^Iiyrmance^ver Si 

r.&r“5?=~— 

wilh OTnventi^n^ntwoonnects and Svem'asl °7^°' VT *k- 4 “J 7 ' mil GaAs/Ga cells 'aid down 

“^r ShS^e, a 4 5 * 4 a^^rjar h »:r r ‘ 

GaAs/Ge solar cells coaled wilh an alumina/silicate te"SvD* S t. ?' 3 ' 5 T" 

three designs will be 2 cm x 2 cm and aM iZ In S h ex ^ rs,ons - The ce " size for each of these 
coverglass. The InP solar cell is imoortant h ora!,c* « * id down with conventional interconnects and 
radiatfon resistance The GalS ? *ff C °" VerSi0n e,, . icienc y and extreme| V ^ 

high conversion efficiency and extremely hiah radiation mechan,cal| y stacked design which offers 

IS importanl hecaose I, i/dJCT^S 

survivab^tow-a^ilure^rugl^svstem^SLATS^nnr^nt^ 3 ? 16 ' ara co " can,ra t°' ««"9"s The first is the 
light onto GaAs solar ceils * *<*“«» (concentrates) 
to the backside of the mirrors and are iliuminataH k v/ th * ** mirrors. The solar cells are mounted 

important tor enha™nXl^ a Mit!S^i^ T“ “ wh “ h ,he T are adjacent. This design is 
and the natural space environment as well as havlno the Soi"?™ 11 * ,hrea,s ( e -9 - high-powered lasers) 
capability arises from the fact She sS cells ^arert^veTsl^m^ “° her T* geS ™ s 
The second concentrator is the mini-dome fresnel-lens fieA e/raon sf>ace P' asm a environment. 

space plasma environment by the concentre, or elements and the arrafsu^anSllre 3 ™ ' rom 


CHARACTERISTICS OF PEGASTAR SATELLITE 


vehicle. W^h!lntan«S sa,alllte ^ antl P^ccd into orbit by a Pegasus launch 

hm, near-polar ,70- IncSlnfoMLs nSde Kb^S^ASP S™ 4 ’'^ 0 km X ’ 85 ° 
place from a B-52 aircraft in the Western Tpst Ranoo nff ih^ \ P rX P ,.. P us s ob J ect| ves. The launch will take 

SSSHi^S- 
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Figure 5. The Pegasus launch 
vehicle accelerating into orbit 
after being released by the B-52. 



Figure 6. The Pegastar satellite bus showing the general location of the PASP Plus test arrays. 
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satellite subsystems is provided bv thrpp fin in v oo in rAor rius and other 

sbsr ^ - on 

=bSm5K5^«SSSK 

c««SSSS€S;- r ^~“~ 

misston meas U rabie P radia,ion,ndutd lUXaSE sSe 

= =- 

niannrto J he P , ASP Plus solar arrays wNI be ,ested and assembled as a completed subsystem at Wi 


EXPECTED RESULTS FROM A SUCCESSFUL FLIGHT 

orientati^n^^^inting ortriTfor t^^e^^ar^^Hite 013111 * 3 ' 0 ' 0 ^ ^ ^ r0 ^ er 

rn^smmmm. 

of 10 5 to A lT 6X C S m n ^7nThL^p 0 ninn T' ^ Pen ’ 9ee Wi " provide the maximum electron density (in the order 

irSSSsSS^r 
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These relationships will then be available for analytic study, modeling, and code development. The information 
on array operating voltage limitations developed through analysis of PASP Plus results can be used to decide 
on the choice of operating voltage levels for particular kinds of arrays in various orbital regimes. 

APEX’S nominal 1850 km (1000 naut mi) apogee will allow passage of Pegastar through the lower 
portion of the inner radiation belt only when apogee occurs near equatorial geomagnetic latitudes. The line of 
apsides (the perigee-apogee line in the orbital plane) continuously rotates about 1 .5° per day throughout the 
mission. On a long-term basis, Pegastar’s apogee will pass through the radiation belt at equatorial latitudes 
only a small fraction (about one-quarter) of the rotation period. A higher apogee (up to 2000 or 2200 km) 
would significantly increase the dosage (or lessen the time to reach a specific dose accumulation), but there 
are limitations in the Pegastar-Pegasus boosting capability. 

With some modest improvement in apogee, we expect to obtain sufficient radiation dosage in one year 
to see array performance degradation (as measured by the l-V curves) in Si cells in the order of 8 to 12 
percent. For the more rad-hard materials (GaAs and especially InP) and the concentrators, the degradation 
may be only a few percent. If Pegastar’s apogee is limited to 1850 km, we may need two or three years to see 
radiation-induced degradation to these levels. Information from the contamination sensors (QCMs and 
calorimeters) will be used to separate contamination effects from radiation effects. The radiation-induced 
performance degradation data for all the PASP Plus test arrays will be correlated with the radiation dosage data 
gathered from our electron/ proton dosimeter to try to establish cause-and-effect relationships. A section of the 
PASP Plus dosimeter has been designed to measure 5-10 MeV proton radiation, an important source of solar 
cell degradation. The information on radiation-damage limitations developed through analysis of PASP Plus 
results can be used to decide on the choice of solar-cell material or array configuration for operation in 
particular orbital regimes. 

Within the first year after a successful PASP Plus flight, correlated PASP Plus data would be made 
available to the space-power communities in DoD and NASA. PL and WL, working closely with NASA LeRC, 
will conduct a series of workshops which will be targeted to major topics of interest such as high-voltage 
operation and EMI-generation effects. As data on array performance degradation from radiation effects 
becomes available (V/2-3 years, depending on flight apogee), additional workshops will be held on radiation 
effects on new cell technologies and concentrator arrays. Results from these workshops will be directed 
towards upgrading relevant space-power design guidelines and test standards. 


CONCLUSIONS 

PASP Plus's complement of solar arrays and diagnostic sensors and APEX’S mission profile provide us 
with a unique opportunity to investigate both the high-voltage and the radiation-damage limitations to advanced 
solar array performance. Full utilization of the results of the PASP Plus experiment should be made by space 
systems developers before fielding future space-power subsystems that might be subjected to unwanted 
environmental interactions. Failure to determine the extent of interactions problems by experiments such as 
PASP Plus could lead to serious flaws in future space-power subsystems. 
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